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The asymmetric unit of the title /na«g«/o-triruthenium 
compound, Ru 3 (CO) 9 (^-Ph 2 AsCH 2 AsPh 2 )(P[OCH(CH 3 ) 2 ] 3 ) 
or [Ru 3 (C 25 H 22 As 2 )(C9H 21 0 3 P)(CO) 9 ], contains two mol- 
ecules of the frwwgM/o-triruthenium complex. The bis(di- 
phenylarsanyl)me thane ligand bridges an Ru— Ru bond and 
the monodentate phosphite ligand binds to the third Ru atom. 
Both the arsine and phosphite ligands are equatorial with 
respect to the Ru 3 triangle. Additionally, each Ru atom carries 
one equatorial and two axial terminal carbonyl ligands. The 
dihedral angles between the pairs of benzene rings bound to 
individual As atoms are 85.67 (8) and 75.91 (8) in the first 
independent molecule and 74.64 (8) and 70.76 (9) in the 
second. In the crystal, molecules are linked into a three- 
dimensional framework by intermolecular C— H- ■ O 
hydrogen bonds. 




Experimental 

Crystal data 

[Ru 3 (C 25 H 22 As 2 )(G>H 21 0 3 P)(CO) 9 

M, = 1235.79 

Triclinic, PI 

a = 12.3481 (3) A 

b = 18.1697 (4) A 

c = 21.5295 (5) A 

a = 93.494 (1)° 

/3 = 103.230 (1)° 

Data collection 

Bruker APEXII DUO CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
= 0.483, r max = 0.659 

Refinement 

R[F 2 > 2a(F 2 )} = 0.024 
wR(F 2 ) = 0.055 
S = 1.01 

40931 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 90.383 (1)° 

V = 4692.38 (19) A 3 

Z = 4 

Mo Ka radiation 
li = 2.45 mm -1 
T = 100 K 

0.35 x 0.23 x 0.19 mm 



161249 measured reflections 
40931 independent reflections 
35153 reflections with / > 2a(I) 
R<„. = 0.026 



1093 parameters 

H-atom parameters constrained 

Ap max = 1-57 e A~ 3 

Ap mi „ = -1.26 e A~ 3 



D-H-A 


D-H 


H--A 


D- ■ A 


D-H-A 


C10B-H10B- ■ 06A' 


0.93 


2.59 


3.293 (2) 


132 


C17B-H17B---02B H 


0.93 


2.57 


3.477 (2) 


165 


C33/l-H33fl---02/i lii 


0.96 


2.56 


3.492 (2) 


164 


Symmetry codes: (i) 
-x,-y + + 


-X, -y+ 1, 


-z; (") 


-x + l.-yH 


- 1, -z; (iii) 



Related literature 

For related structures, see: Bruce et al. (1983, 1988); Churchill 
et al. (1977); Shawkataly et al. (1998). For the synthesis, see: 
Shawkataly et al. (2011); Bruce et al. (1987). For the stability of 
the temperature controller used in the data collection, see: 
Cosier & Glazer (1986). 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5121). 
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Acta Cryst. (2011). E67, m545-m546 [ doi:10.1107/S1600536811012050 ] 

[/'-Bis(diphenylarsanyl)methane-1: s:^s']nonacarbonyl-lA: 3 C,2/c 3 C,3^ 3 C-(triisopropyl phos- 
phite-3/c/ , )-^f*/«ngM/o-triruthenium(0) 

O. bin Shawkataly, M. G. Alam, C. S. Yeap and H.-K. Fun 
Comment 

Syntheses and crystal structures of substituted ?r/a«gM/o-triruthenium clusters have been of interest to researchers due to 
structural variations and catalytic activities. A large number of substituted derivatives, Ru3(CO)i2- n L n (L = group 15 lig- 
and) have been reported (Bruce et al., 1988). As part of our ongoing studies (Shawkataly et al, 2011), we report here a 
mixed-ligand metal-carbonyl cluster complex, Ru 3 (CO) 9 (|j-Ph2AsCH2AsPh2)(P[OCH(CH3)2]3). 

The asymmetric unit consists of two crystallographically independent molecules (Fig. 1) of the ?r/a«gM/o-triruthenium 
complex, A and B. Fig. 2 shows the atom numbering scheme for molecule A. Atoms of molecule B were labelled similarly. 
The bond lengths and angles of the title compound are comparable to those found in its related structure (Shawkataly et al, 
1998). The bis(diphenylarsino)methane ligand bridges the Rul - Ru2 bond and the monodentate phosphite ligand bonds 
to the Ru3 atom. Both the phosphite and arsine ligands are equatorial with respect to the RU3 triangle. Additionally, each 
Ru atom carries one equatorial and two axial terminal carbonyl ligands. The dihedral angles between the two benzene rings 
(C1-C6/C7-C12 & C14-C19/C20-C25) are 85.67 (8), 75.91 (8) and 74.64 (8), 70.76 (9) for the two diphenylarsanyl groups 
of molecule A and B, respectively. 

In the title compound, one of the Ru - Ru bonds is noticeably longer compared to the other two Ru - Ru bonds. The 
unevenness in the lengths of Ru - Ru bonds in comparison with those of the Ru3(CO)i2 structure (Churchill et al, 1977), can 
be attributed to the steric effect induced by the bulky substituent. In the crystal, molecules are linked into a three-dimensional 
framework by intermolecular C — H-0 weak intearctions. (Fig. 3). 

Experimental 

All manipulations were performed under a dry, oxygen-free dinitrogen atmosphere using standard Schlenk techniques. All 
solvents were dried over sodium and distilled from sodium benzophenone ketyl under nitrogen (Bruce etal.,19%1). Isopropyl 
phosphite was used as received and bis(diphenylarsino)methane (Bruce et al, 1983) was prepared by the reported procedure. 

Equimolar quantities of Ru3(CO)io(u-Ph2AsCH2AsPh) and isopropyl phosphite were refluxed in THF under nitrogen 
for 20 minutes. The reaction mixture turned intense red. The solvent was removed under vacuum. The reaction mixture was 
separated by TLC (dichloromethane:hexane, 1 :3). Two bands appeared. The major band (red) Rf = 0.61 was separated and 
characterized. The compound was crystallised from CH2CI2- CH3OH, 1:3 yield = 55.2 %, m.p. 189°C. IR(cyclohexane): 

v (CO) 2127s, 2059 vs, 2042 s, 2017 s, 1988 s cm" 1 . 
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Refinement 

All hydrogen atoms were positioned geometrically and refined using a riding model with C — H = 0.93-0.98 A and Ui S0 (H) 
= 1.2U eq (C) and 1.5U eq (C of methyl group). 



Figures 




Fig. 1. The asymmetric unit, showing 50% probability displacement ellipsoids. 




Fig. 2. The structure of molecule A, showing 50% probability displacement ellipsoids and the 
atom-numbering scheme. Atoms in molecule B are similarly labelled. 



Fig. 3. The crystal packing of (I) viewed along the c axis. Dashed lines indicate hydrogen 
bonds. H atoms not involved in the hydrogen bond interactions have been omitted for clarity. 



2 3 3 3 

[u-Bis(diphenylarsanyl)methane-1 :2k As:As'] nonacarbonyl- 1k C,2k C,3k C-(triisopropyl phosphite-3KP)- tri- 

angu/o-triruthenium(0) 



Crystal data 

[RU3(C25H22AS2)(C 9 H2 i0 3 P)(CO) 9 ] 

M,-= 1235.79 

Triclinic, PI 

Hall symbol: -P 1 

a = 12.3481 (3) A 

6= 18.1697 (4) A 

c = 21.5295 (5) A 

a = 93.494(1)° 

P= 103.230 (1)° 

y = 90.383 (1)° 

V= 4692.38 (19) A 3 



-3 



Z = 4 

P(000) = 2440 

At =1.749 MgnT 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 9785 reflections 
6 = 2.8-37.6° 
|i = 2.45 mm 1 
T= 100 K 
Plate, red 

0.35 x 0.23 x 0.19 mm 



Data collection 

Bruker APEXII DUO CCD area-detector 
diffractometer 



4093 1 independent reflections 
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Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.483, r max = 0.659 
161249 measured reflections 



35153 reflections with/>2c(7) 
ic int = 0.026 

Qmax = 35.0°, 9 m ; n = 1.8° 

fc = -19->19 

£ = -29^29 
/= -34^34 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.024 
wR(F 2 ) = 0.055 
S= 1.01 

40931 reflections 
1093 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0207P) 2 + 3.4447P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.005 

Ap m ax= 1.57 eA -3 
Ap m in = -l-26eA~ 3 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cyrosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 

2 

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TI- *ITJ 


RulA 


0.185622 (9) 


0.312340 (6) 


0.427544 (5) 


0.01368 (2) 


Ru2A 


0.340063 (9) 


0.193747 (6) 


0.432267 (5) 


0.01354 (2) 


Ru3A 


0.197922 (9) 


0.197674 (6) 


0.517361 (5) 


0.01439 (2) 


AslA 


0.236634 (11) 


0.355824 (7) 


0.331871 (6) 


0.01348 (2) 


As2A 


0.428726 (11) 


0.234754 (8) 


0.351165 (6) 


0.01387 (2) 


P1A 


0.05349 (3) 


0.20550 (2) 


0.567872 (17) 


0.01507 (6) 


OlA 


-0.03079 (10) 


0.22772 (7) 


0.36225 (6) 


0.0276 (2) 


02A 


0.03402(11) 


0.43647 (7) 


0.44928 (6) 


0.0281 (3) 


Q3A 


0.37695 (11) 


0.39986 (7) 


0.51876(6) 


0.0268 (2) 
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04A 


0.51675 (10) 


0.26282 (7) 


0.54581 (6) 


0.0247 (2) 


05A 


0.43156 (12) 


0.03960 (7) 


0.44851 (7) 


0.0338 (3) 


06A 


0.16098 (10) 


0.13352 (7) 


0.31667 (6) 


0.0269 (2) 


07A 


0.04765 (11) 


0.08535 (7) 


0.42250 (6) 


0.0293 (2) 


08A 


0.32119 (11) 


0.06903 (7) 


0.58178 (6) 


0.0302 (3) 


09A 


0.33184 (11) 


0.30623 (8) 


0.62211 (6) 


0.0303 (3) 


O10A 


0.04745 (9) 


0.14607 (6) 


0.61850 (5) 


0.01956 (19) 


OllA 


-0.06140 (9) 


0.18840 (6) 


0.51830 (5) 


0.01920 (19) 


012A 


0.03848 (9) 


0.27785 (6) 


0.61109(5) 


0.01966 (19) 


CIA 


0.12125 (11) 


0.38267 (7) 


0.25888 (7) 


0.0154 (2) 


C2A 


0.02752 (13) 


0.41811 (9) 


0.27021 (8) 


0.0230 (3) 


H2AA 


0.0163 


0.4234 


0.3115 


0.028* 


C3A 


-0.04975 (14) 


0.44579 (10) 


0.21959(9) 


0.0270 (3) 


H3AA 


-0.1118 


0.4701 


0.2274 


0.032* 


C4A 


-0.03447 (13) 


0.43732 (9) 


0.15792 (8) 


0.0229 (3) 


H4AA 


-0.0861 


0.4560 


0.1244 


0.027* 


C5A 


0.05729 (14) 


0.40114 (10) 


0.14619(8) 


0.0258 (3) 


H5AA 


0.0667 


0.3945 


0.1046 


0.031* 


C6A 


0.13607 (13) 


0.37452 (9) 


0.19675 (7) 


0.0234 (3) 


H6AA 


0.1988 


0.3512 


0.1888 


0.028* 


C7A 


0.32135 (11) 


0.44843 (8) 


0.34206 (7) 


0.0158(2) 


C8A 


0.38946 (14) 


0.46559 (9) 


0.30141 (8) 


0.0221 (3) 


H8AA 


0.4005 


0.4307 


0.2701 


0.027* 


C9A 


0.44112(14) 


0.53480 (9) 


0.30737 (8) 


0.0239 (3) 


H9AA 


0.4866 


0.5458 


0.2801 


0.029* 


C10A 


0.42536 (13) 


0.58731 (9) 


0.35355 (8) 


0.0222 (3) 


H10A 


0.4602 


0.6334 


0.3574 


0.027* 


C11A 


0.35700 (14) 


0.57061 (9) 


0.39414 (8) 


0.0231 (3) 


H11A 


0.3459 


0.6058 


0.4252 


0.028* 


C12A 


0.30522 (13) 


0.50151 (8) 


0.38852 (7) 


0.0195 (2) 


H12A 


0.2597 


0.4907 


0.4158 


0.023* 


C13A 


0.32281 (12) 


0.28819 (8) 


0.28830 (6) 


0.0162 (2) 


H13A 


0.2728 


0.2533 


0.2594 


0.019* 


H13B 


0.3628 


0.3159 


0.2632 


0.019* 


C14A 


0.47177 (12) 


0.15555 (7) 


0.29804 (7) 


0.0163 (2) 


C15A 


0.54633 (13) 


0.10433 (9) 


0.32842 (7) 


0.0217 (3) 


H15A 


0.5753 


0.1102 


0.3723 


0.026* 


C16A 


0.57737 (14) 


0.04462 (9) 


0.29348 (8) 


0.0243 (3) 


H16A 


0.6276 


0.0110 


0.3138 


0.029* 


C17A 


0.53324 (14) 


0.03528 (8) 


0.22813 (8) 


0.0230 (3) 


H17A 


0.5542 


-0.0046 


0.2046 


0.028* 


C18A 


0.45801 (14) 


0.08520 (8) 


0.19785 (7) 


0.0219 (3) 


H18A 


0.4278 


0.0784 


0.1541 


0.026* 


C19A 


0.42734 (13) 


0.14551 (8) 


0.23259 (7) 


0.0184 (2) 


H19A 


0.3771 


0.1791 


0.2120 


0.022* 


C20A 


0.55895 (12) 


0.30004 (8) 


0.37121 (7) 


0.0171 (2) 


C21A 


0.56048 (13) 


0.36082 (8) 


0.41418 (7) 


0.0208 (3) 


H21A 


0.5007 


0.3686 


0.4332 


0.025* 


C22A 


0.65110(15) 


0.40982 (9) 


0.42867 (8) 


0.0267 (3) 
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CIA— AslA— C7A— C8A -75.93 (13) 

C 1 3 A — As 1 A — C7A — C8 A 25.92 (14) 

RulA— AslA— C7A— C8A 155.49 (11) 

CIA— AslA— C7A—C12A 98.57 (12) 

C13A— AslA— C7A— C12A -159.59 (11) 

RulA— AslA— C7A—C12A -30.01 (13) 

C 1 2 A — C7A — C8 A — C9 A 0.3 (2) 

AslA— C7A— C8A— C9A 174.73 (12) 

C7 A — C8 A — C9 A — C 1 OA -0.1 (3) 

C8 A — C9 A — C 1 OA — C 1 1 A -0.2(3) 

C9 A — C 1 OA — C 1 1 A — C 1 2 A 0.3(2) 

C10A— C11A— C12A— C7A -0.1 (2) 

C8 A — C7 A — C 1 2 A — C 1 1 A -0.2(2) 

AslA— C7A— C12A— C11A -174.87 (12) 

C14A— As2A— C13A— AslA 165.10(7) 

C20A— As2A— C13A— AslA -88.44 (8) 

Ru2 A— As2 A— C 1 3 A— As 1 A 43.52 (7) 

C7A— AslA— C13A— As2A 93.09 (7) 

CIA— AslA— C13A— As2A -168.20 (7) 

RulA— AslA— C13A— As2A -36.83 (8) 

C20A— As2A— C14A— C19A -108.23 (13) 

C13A— As2A— C14A— C19A -2.02(13) 

Ru2A— As2A— C 14A— C 19A 1 1 6.80 (1 1) 

C20A— As2A— C14A— C15A 75.49 (12) 

C13A— As2A— C14A— C15A -178.31 (12) 

Ru2A— As2A— C14A— C15A -59.49 (12) 

C 1 9 A— C 1 4 A— C 1 5 A— C 1 6 A 1 . 1 (2) 

As2A— C14A— C15A— C16A 177.56 (13) 

C14A— C15A— C16A— C17A -0.7 (3) 

C15A— C16A— C17A— C18A -0.3 (3) 

C16A— C17A— C18A— C19A 0.8(2) 

C15A— C14A— C19A— C18A -0.6(2) 

As2A— C14A— C19A— C18A -176.79 (11) 

C17A— C18A— C19A— C14A -0.4(2) 

C14A— As2A— C20A— C21A -174.38 (11) 

C13A— As2A— C20A— C21A 79.94 (12) 

Ru2A— As2A— C20A— C21A -44.27 (13) 

C14A— As2A— C20A— C25A 5.91 (13) 

C13A— As2A— C20A— C25A -99.77 (12) 

Ru2 A— As2 A— C20 A— C25 A 136.02 (10) 

C25A— C20A— C21A— C22A 1.2(2) 

As2A— C20A— C21A— C22A -178.53 (12) 

C20 A— C2 1 A— C22 A— C23 A - 1 . 3 (2) 

C21A— C22A— C23A— C24A 0.3 (3) 

C22A— C23A— C24A— C25A 0.8 (3) 

C21A— C20A— C25A— C24A -0.1 (2) 

As2A— C20A— C25A— C24A 179.66 (12) 

C23A— C24A— C25A— C20A -1.0(2) 



/'IT) 

C4B — 


-C5B — C6B — C1B 


-0.1 (2) 


pin 

Clrs — 


-AslB— 


-C7R C8R 


— (14) 


PHD 

C13B- 


— AslB- 


_C7B C8B 


-42.2 / (ID) 


D„1D 


-AslB- 


-C7B— C8B 


52. jj (14) 


/-ill 
Cits — 


-AslB- 


-C7B— C12B 


42.33 (13) 


PUD 

C13B- 


-AslB- 


-C7B— C12B 


14D.OU (12) 


n„1D 

KulB- 


-AslB- 


-C7B— C12B 


on cn /1 t\ 
-OV.!>y (12) 


C12rs- 


-C7B- 


-C8B — C9B 


-1.0 (3) 


Aslis- 


-C7B- 


-C8B— C9B 


1 ni 1 c n c\ 
-1 /3.LJ (ID) 


C/rs— 


-C8B — C9B — C 1 0B 


U.3 (3) 


C8B— 


-C9B— CI 0B— CUB 


0.6 (3) 


PUD 


-C10B- 


-CUB— C12B 


-0.9 (3) 


( - i pto 

C10B- 


-C11B— C12B— C7B 


0.1 (2) 


pon 

C8B— 


-C7B— C12B— CUB 


U.o (2) 


AslB- 


_C7B— 


-C12B CUB 


1 /3.U3 (12) 


/~1 1 /i T~> 

C14B- 


— As2B- 


_CnR As1B 


56. 35 (5) 


C20B- 


— As2B- 


_rnR As1B 


-105.V2 ( /) 


Ku2is- 


— As2B- 


— C13R AslB 


A^i CO ZO\ 

-42. D2 (5) 


C Id— 


-AslB— 


-CI 3B As2B 


14/. Dl (/) 


pin 

C1B — 


-AslB— 


_C1 3R As2B 


1 A*7 T7 ZO\ 
— 1U/.2/ (5) 




— AslB- 


_C13R As2R 


22. 1U (y) 


C20B- 


— As2B- 


_C14R C19B 


— 1U/.22 (13) 


PHD 

C13B- 


— As2B- 


— C14R riQR 


1 11 (\ A\ 

-3.33 (14) 


Ku2B- 


— As2B- 


— C14B — C19B 


122.33 (12) 


C20B- 


— As2B- 


_C14R T1 5R 

v 1 \ Y J V. 1 ~> I J 


05. DD (12) 


PHD 

C13B- 


— As2B- 


_C14R CI 5R 

V 1 \ Y J V. 1 ~' Y J 


1 /2.44 (11) 


Ku2B- 


— As2B- 


_C14R T1 5R 

V 1 \ Y J V 1 I J 


— ol.yU (12) 


C19B- 


— C14B- 


_ri'SR C16R 

V_ 1 ~' 1 J V 1 \) Y J 


1 .5 (2) 


ASZr>- 


— C14B- 


_C1 'SR T1 6R 

V_ 1 ~' Y J V. 1 V ' I _/ 


— 1 /4.4o (13) 


C14B- 


— C15B- 


_r 1 fiR r 1 7R 


-1.0 (3) 


PKD 


-C16B- 


-C17B— C18B 


-0.5 (3) 


C16B- 


-C17B- 


-C18B— C19B 


1.5 (3) 


PKD 


-C14B- 


-C19B— C18B 


-0.5 (2) 


As2B- 


-C14B- 


-C19B— C18B 


1 /D. Id (13) 


CI /rs- 


-C18B- 


-C19B— C14B 


-1.0 (3) 


C* 1 A D 

C14rS- 


-As2B- 


-C20B— C21B 


15. 15 (14) 


PHD 

C13B- 


-As2B- 


-C20B— C21B 


-88.01 (14) 


KUZrS- 


-As2B- 


-C20B— C21B 


1 ^ri to ^1 y\ 
IjU.zs (12j 


pii yin 


-As2B- 


-C20B— C25B 


— 159.0/ (12) 


pii ID 

C13B- 


-As2B- 


-C20B— C25B 


y4.18 (13) 


Ku2B- 


-As2B- 


-C20B— C25B 


-2 /.52 (14) 


C25B- 


-C20B- 


-C21B— C22B 


Pt C 

0.3 (3) 


As2B- 


-C20B- 


-C21B— C22B 


1 "7"7 in { 1 /i\ 
-1 //.2/ (14) 


C20B- 


-C21B- 


-C22B— C23B 


-0.3 (3) 


C21B- 


-C22B- 


-C23B— C24B 


-0.4 (3) 


C22B- 


-C23B- 


-C24B— C25B 


0.9 (3) 


C23B- 


-C24B- 


-C25B— C20B 


-0.7 (3) 


C21B- 


-C20B- 


-C25B— C24B 


0.0 (2) 


As2B- 


-C20B- 


-C25B— C24B 


177.84 (13) 



sup-20 



supplementary materials 



D1 A 

r 1 A — 


-O10A- 


-C26A- 


-C28A 


1 AH Ol / 1 1 \ 

-14 /.53 (13) 


Til [1 

r IB — 


-O10B- 


-C26B— C27B 


1 1 C "71 /1 H \ 
llo. /3 (1 /) 


D1 A 

r 1 A — 


-O10A- 


-C26A— 


-C27A 


on 1 n s 1 o\ 
ov.lv (Is) 


r IB — 


-O10B- 


-C26B— C28B 


— 121.04 (13) 


D1 A 

r 1 A — 


-OllA— C29A— C31A 


143. jy (14) 


T > 1 T 1 

r IB — 


-OllB— C29B— C31B 


1A1 11 /1T\ 
11)1.12(1/) 


D1 A 

r 1 A — 


-Oil A— C29A— C30A 


—yD.Dl (1 /) 


nin 

r IB — 


-01 IB— C29B— C30B 


1 n oc f\ i\ 
-13 /.o3 (13) 


T>1 A 

r 1 A — 


-012A— 


-C32A— 


-C33A 


yU.vz (14) 


DID 

r IB — 


-012B— 


-C32B C33B 


no /"i /i c\ 

— yo.oi (13) 


D1 A 

r 1 A — 


-012A— 


-C32A— 


-C34A 


-14o.3o (12) 


Din 

r IB — 


-012B— 


-C32B — C34B 


iin /cc /ii\ 
13y.o3 (13) 


C36A- 


— RulA- 


— C35A- 


— OlA 


*7 *7 (C\\ 

1.1 (9) 


C36B- 


— RulB- 


_C35B OIB 


4o.2 (12) 


pn a 
C3 / A- 


— RulA- 


— C35A- 


— OlA 


(Sy.y (1U) 


r^1-7D 
ID- 


— RulB- 


_C35B OIB 


1 HA 1 ^1ft^ 

— 1 /4. 1 (1U) 


A ^ 1 A 

Asl A- 


— RulA- 


— C35A- 


—OlA 


on n sew 

— yU.y (y) 


A ^ 1 D 

AslB- 


— RulB- 


_C35R OIB 


-34.2 (12) 


KU2A- 


— RulA- 


— C35A- 


—OlA 


1 HI ( 1 C\C\\ 

ill (1UU ) 


DnlD 

KlliB- 


— RulB- 


_C35R OIB 


133.4 (12) 


Dnl A 

KU3A- 


— RulA- 


— C35A- 


—OlA 


1Z1 .1 yy ) 


DnTD 

KU2B- 


— RulB- 


_r^55B OIB 


— 14o.2 (12) 


t~*1 "7 A 

C3 /A- 


— RulA- 


— C36A- 


— 02A 


HC\ (A \ 

70 (4) 


C35B- 


— RulB- 


— C36B 02B 


1 ftft /1 c\ 

-1UU (13) 


C35A- 


— RulA- 


— C36A- 


— 02A 


m ( a\ 
1 2.2. (4) 


/B- 


— RulB- 


— C36B 02B 


Ol c\ c\ 
53 (13) 


A ^ 1 A 

AslA- 


— RulA- 


— C36A- 


— 02A 


1 A (A \ 

-24 (4) 


A ^ 1 D 

AslB- 


— RulB- 


— C36B — 02B 


0/1 c\ 

-8(15) 


Kll2A- 


— RulA- 


— C36A- 


— 02A 


1 T7 ( A \ 

127 (4) 


Dnl D 

KllJB- 


— RulB- 


_C36B 02B 


1 iCQ /1 ftft\ 

l06 (1UU) 


D..3 A 

Kll3A- 


— RulA- 


— C36A- 


— 02A 


1 ( A\ 

loU (4) 


Kll2B- 


— RulB- 


— C36B 02B 


1 &H /1 ftft\ 

— 10/ (1UU) 


C36A- 


— RulA- 


— C37A- 


— 03A 


11 i / 1 i \ 

2 1.1 (1 1) 


/^i /;d 


— RulB- 


_C37R — 03B 


AH H H\ 

-42. / (12) 




— RulA- 


— C37A- 


— 03A 


— 1U3.U (11) 


CJjB- 


— RulB- 


_C37B 03B 


1 *7fl ( 1 ftft\ 

i /y (iuu) 


A ^ 1 A 

AslA- 


— RulA- 


— C37A- 


— 03A 


"7*7 Q /1 1 \ 

/ /.o (11) 


A 1 D 

AslB- 


— RulB- 


— C37B 03B 


rn C /1 H\ 

3y.3 (12) 


Kll2A- 


— RulA- 


— C37A- 


— 03A 


loo.Z (11) 


Dnl D 

KllJB- 


— RulB- 


— C37B 03B 


1 /I O ft /1 1\ 

— 145. U (12) 


KU3A- 


— RulA- 


— C37A- 


— 03A 


— 133.5 (11) 


DnTD 

KU2B- 


— RulB- 


— C37B 03B 


1 ^1 ft /"1 T\ 

133. y (12) 


C39A- 


— Ru2A- 


— C38A- 


— 04A 


A^ 1 i"\ £\ 

42.3 (lo) 


C39B- 


— Ru2B- 


_C38B 04B 


A ft 1 /1 1\ 

4y.3 (12) 


C40A- 


— Ru2A- 


— C38A- 


— 04A 


1 £.1 Z C\ A\ 

— loi.D (14) 


C40B- 


— Ru2B- 


_C38B 04B 


1 /C*7 O /Tl\ 

lo/.s (y) 


A A 

As2A- 


— Ru2A- 


— C38A- 


— 04A 


— jy.l (lo) 


As2B- 


— Ru2B- 


— C38B 04B 


—3 /.3 (12) 


D..3 A 

Kll3A- 


— Ru2A- 


— C38A- 


— 04A 


142.y (lo) 


Dnl D 

KuiB- 


— Ru2B- 


— C38B 04B 


1 CI ft /1 1\ 

132.y (11) 


D,, 1 A 

KlllA- 


— Ru2A- 


— C38A- 


— 04A 


1 c/i i /1 
— 130.3 (lo) 


D„|D 

KulB- 


— Ru2B- 


_C38B 04B 


1 ACi /C /1 T\ 

-14y.o (12) 


C40A- 


— Ru2A- 


— C39A- 


— 05A 


-6(2) 


C38B- 


— Ru2B- 


— C39B 05B 


1 A (1 \ 

34(3) 




— Ru2A- 


— C39A- 


— 05A 


1 12 (2) 


C40B- 


— Ru2B- 


— C39B 05B 

V. ~> / Y J V./ ~' Y J 


\ AH (1\ 

-142 (3) 


A A 

AszA- 


— Ru2A- 


— C39A- 


— 05A 


-91 (2) 


As2B- 


— Ru2B- 


— C39B 05B 


i H A (1 \ 

124(3) 


Dnl A 

KU3A- 


— Ru2A- 


— C39A- 


— 05A 


87 (2) 


DnlD 

KlliB- 


— Ru2B- 


— C39B 05B 


£1 (1\ 

-63 (3) 


d,, 1 a 
Kill A- 


— Ru2A- 


— C39A- 


— 05A 


59 (2) 


D„|D 

KulB- 


— Ru2B- 


— C39B 05B 

V_ ~> / Y J V./ Y J 


-27 (3) 


C39A- 


— Ru2A- 


— C40A- 


— 06A 


<0 /I /1 1 \ 

-o2.4 (11) 


pmD 
C39B- 


— Ru2B- 


_C40B — 06B 


If if /1 T\ 

—33.0 (12) 




— Ru2A- 


— C40A- 


— 06A 


1 /II A (C\\ 

143.4 (y) 


nOD 

C38B- 


— Ru2B- 


_C40B 06B 


1 c/i ft (\ ft\ 
— 134. U (1U) 


A A 

As/A- 


— Ru2A- 


— C40A- 


— 06A 


io a cyw 
3o.4 (11) 


A , . "1 ID 

As2B- 


— Ru2B- 


_C40B 06B 


71/1/1 ^\ 

/ 1.4 (12) 


Ti), ,i A 
Kll3A- 


— Ru2A- 


— C40A- 


— 06A 


1 <C1 A i"\ 1 \ 

— lo3.4 (11) 


Dnl D 

KuiB- 


— Ru2B- 


— C40B 06B 


1 1ft ft /1 T\ 

— liy.U (12) 


D.. 1 A 

Kill A- 


— Ru2A- 


— C40A- 


— 06A 


ii£ 1 1 1 \ 
13o.l (11) 


Dn 1 D 

KlllB- 


— Ru2B- 


_C40B — 06B 


1 /CI ft (\ H\ 

lo3.y (12) 


C42A- 


— Ru3A- 


— C41A- 


— 07A 


A/Z O /1 T\ 

4o.o (12) 


nAlD 

C42B- 


— Ru3B- 


_C41R 07B 

v l 1 1 J V./ / I J 


A A O fi /C\ 

44.5 (lo) 


C43A- 


— Ru3A- 


— C41A- 


— 07A 


—50. / (15) 


C43B- 


— Ru3B- 


—PAIR 07B 

V_ 1 1 1 J V./ / 1 J 


1 CI O (\ A \ 

— 133.5 (14) 


D1 A 

r 1 A — 


-Ru3A 


-C41A— 


-07A 


— 32. y (12) 


D 1 D 

r IB — 


-Ru3B— 


-C41R 07B 

V 1 1 1 J V./ / I J 


Cft ft /1 /C\ 

— 3y.y (io) 


DnO A 

KU2A- 


— Ru3A- 


— C41A- 


— 07A 


130.4 (12) 


DnTD 

KU2B- 


R U 3B- 


C41 R 07R 


1 /1ft ft /"1 /C\ 

14U.U (lo) 


d,, 1 a 
KulA- 


-Ru3A- 


-C41A- 


-07A 


1 /CI T /I '»\ 

— lo3. / (12) 


D„ID 

KulB- 


-Ru3B- 


-C41B— 07B 


1 /Cft 7 (i /C\ 

-loU. / (lo) 


C43A- 


-Ru3A- 


-C42A- 


-08A 


1 ri/c //c\ 
— lUo (o) 


t~* A 1 D 

C41B- 


-Ru3B- 


-C42B— 08B 


Cft fH\ 

59 (2) 


f^A 1 A 

C41A- 


-Ru3A- 


-C42A- 


-08A 


76 (6) 


nAID 

C43B- 


-Ru3B- 


-C42B— 08B 


11ft SH\ 

-119 (2) 


P1A — 


-Ru3A- 


-C42A— 


-08A 


163 (6) 


P1B — 


-Ru3B- 


-C42B— 08B 


152 (2) 


Ru2A- 


-Ru3A- 


-C42A- 


-08A 


-9(6) 


Ru2B- 


-Ru3B- 


-C42B— 08B 


-39 (2) 


RulA- 


-Ru3A- 


-C42A- 


-08A 


-21 (6) 


RulB- 


-Ru3B- 


-C42B— 08B 


-20 (2) 


C42A- 


-Ru3A- 


-C43A- 


-09A 


-57.8(12) 


C42B- 


-Ru3B- 


-C43B— 09B 


-66.2 (15) 


C41A- 


-Ru3A- 


-C43A- 


-09A 


75.7(19) 


C41B- 


-Ru3B- 


-C43B— 09B 


132.3 (13) 


P1A- 


-Ru3A- 


-C43A- 


-09A 


42.0 (12) 


P1B— 


-Ru3B- 


-C43B— 09B 


38.2(15) 



sup-21 



supplementary materials 



Ru2A— Ru3A— C43A— 09A -147.6 (12) 

RulA— Ru3A— C43A— 09A 152.9 (12) 

Hydrogen-bond geometry (A, °) 

D—H-A D — H 

C10B— H10B-O6A' 0.93 
C17B— H17B-02B" 0.93 
C33A— H33B-02A'" 0.96 
Symmetry codes: (i) -x, -y+\, ~r, (ii) -x+1, -y+l, -z; (iii) -; 



Ru2B— Ru3B— C43B— 09B -160.3 (15) 

RulB— Ru3B— C43B— 09B 139.2 (15) 

H-A D—A D—H-A 

2.59 3.293 (2) 132 

2.57 3.477 (2) 165 

2.56 3.492 (2) 164 

-y+l, -z+i. 
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